carboplatin-based regimens
One of the strategies investigated to avoid the use of cisplatin is the substitution of carboplatin for cisplatin since the former is more easily administered with a very low rate of renal and neurological toxicity [13] [14] [15] . But are the two drugs truly the same? It should be kept in mind that carboplatin is significantly more toxic to the bone marrow than cisplatin, rendering combination with other myelotoxic drug sometime problematic. Moreover, while the two agents have been shown to be equiactive in ovarian carcinoma, several studies have suggested the inferiority of carboplatin in other malignancies, such as head/neck squamous cell carcinoma and testicular cancer.
Only a small number of randomized trials has specifically addressed the question of equivalence of cisplatin and carboplatin. Data from clinical studies comparing cisplatinversus carboplatin-based regimens have not been univocal. A large randomized non-inferiority trial compared cisplatin/PCT with carboplatin/PCT [16] . The main end-point was objective response rate (ORR) which was 28% with cisplatin/PCT and 25% with carboplatin/PCT (P = NS). However, median progression-free survival (PFS) and overall survival (OS) in the cisplatin/PCT arm were significantly longer than those reported in the carboplatin/PCT arm: PFS was 4.8 and 3 months (P = 0.035), and OS was 9.8 and 8.2 months (P = 0.019), respectively. There was no advantage of carboplatin/PCT in terms of tolerance or QoL evaluated with the QLQ-C30 and LC-13 scales. These data in favour of cisplatin were consistent with those reported in a large international randomized trial [17] comparing cisplatin/DCT with carboplatin/CT and cisplatin/ VNR reported a significantly superior median OS in the cisplatin/DCT arm (10.9 months). The advantage of cisplatin over carboplatin was not confirmed by another similar randomised trial carried out by the ECOG [4] . This trial compared cisplatin plus PCT given as a 24-h infusion with carboplatin plus PCT given as a 3-h infusion, and cisplatin/GEM as well as cisplatin/DCT. Median OS was 7.8 months in the cisplatin/PCT arm compared with 8.1 months in the carboplatin/PCT arm. The 1-year survival rates were 31% and 34%, and the 2-year survival rates were 10% and 11%, respectively. Tolerability was similar in both arms.
A large literature-based meta-analysis has been recently carried out to determine whether cisplatin and carboplatin are symposium article ª 2006 European Society for Medical Oncology equally effective in advanced NSCLC [18] . The meta-analysis included eight trials for a total of 2948 patients treated with regimens containing platinum plus a new generation agent. Pooled data analysis showed that ORR was higher in patients treated with cisplatin-based CT but without a statistically significant survival advantage (HR=1.050; P = 0.515). Subgroup analysis revealed that combination CT consisting of cisplatin plus a new agent yielded an 11% longer survival than carboplatin plus the same new agent (HR=1.106; P = 0.039). Cisplatin-based CT was more frequently associated with nausea/ vomiting than carboplatin which however induced thrombocytopenia was more frequent during carboplatin-based CT. The conclusion was that cisplatin plus a new agent yields a substantial survival advantage compared with carboplatin plus a new agent in patients with advanced NSCLC, although the analysis failed to find any survival difference in an analysis that included both new and old agents. Overall, it should be stressed that the strength of conclusions reported in this meta-analysis is limited because of the use of abstracted data, and careful interpretation is thus required [19, 20] . More reliable data could certainly come from an individual patients' data meta-analysis of trials specifically addressed to the clinical question [20] . However, to date, the above-reported data suggest that carboplatin and cisplatin are not equiactive and that cisplatin-based doublet regimens should remain the standard therapy for patients with advanced NSCLC with good performance status even if associated with a greater gastrointestinal and neurological toxicity [14, 15] . These statements do not mean that carboplatin has no role in the management of advanced diseases since cisplatin remains a potentially very toxic drug which requires a rather complex hydration protocol, an important anti-emetic therapy and hospitalisation in many cases. Many oncologists feel that toxicity issues are enough to justify the use of carboplatin and that its slightly reduced activity has a very small practical importance. Therefore, accordingly to the ASCO guidelines [2] , carboplatin-bases regimens are a reasonable and active therapeutic alternative in all patients were the use of cisplatin is not advisable for whichever clinical reason.
non-platinum regimens
The availability of several active, third-generation drugs has prompted many researchers to design and test new regimens devoid of platinum compounds. Several randomized trials have been carried out to answer the question whether nonplatinum combination regimens were as effective or even more active than platinum-based ones. In general, no single study was successful in demonstrating a survival advantage in favour of platinum-based regimens [21] [22] [23] . However, in some studies, a trend towards a higher ORR, or PFS or OS was observed in patients treated with platinum-based combinations compared with those treated with cisplatinum-devoid regimens [24] [25] [26] [27] . One only study has reported that a non-platinum combination regimen was superior to carboplatin-based regimen in terms of ORR, PFS, OS and clinical benefit [29] .
Gridelli et al. [24] carried out a trial on 500 patients aimed to assess whether a combination of GEM/VNR could improve QoL, without influencing negatively OS, as compared with cisplatin plus GEM or VNR. There were no significant differences in global QoL between the two arms, but worse scores for appetite, vomiting, and alopecia were significantly more common in the cisplatin-based regimens. Median survival was 38 vs. 32 weeks and median PFS was 23 vs. 17 weeks in the cisplatin-based arm versus the cisplatin-devoid one, respectively. For the GEM/VNR arm the hazard ratio for death was 1.15 and the hazard ratio for progression was 1.29. Grade 3-4 myelo-suppression, vomiting, alopecia, and ototoxicity were significantly more frequent with cisplatin-based treatment. The authors concluded that global QoL is not improved with the GEM/VNR regimen, although advantages in some components of QoL were apparent. GEM/VNR is less toxic than standard cisplatin-based CT and could be offered to advanced NSCLC patients who express concern about toxicity, but a non-significant slight survival advantage in favour of cisplatin-based chemotherapy was recorded.
Alberola et al. [25] carried out a three-arm phase III randomized trial comparing a cisplatin-based triplet (cisplatin/GEM/VNR) versus a cisplatin-based doublet (cisplatin/GEM · 6 cycles) versus a non-platinum sequential doublet (GEM/VNR for 3 cycles followed by VNR/ifosfamide for 3 cycles). No differences in median survival or time to progression were observed and toxicity was higher for the triplet and comparable between the doublets.
The EORTC [26] compared the efficacy of cisplatin/PCT versus cisplatin/GEM versus PCT/GEM in 400 patients with OS as the primary end point. Median OS was 8.1, 8.9, and 6.7 months respectively, while ORR were 31.8%, 36.6%, and 27.7%. No statistically or clinically significant differences were observed for secondary end points which included PFS, toxicity, QoL, and costs. The average treatment costs were 25% higher for cisplatin-devoid regimen.
Georgoulias et al. [27] compared the activity and tolerability of DCT/GEM with prophylactic G-CSF and cisplatin/VNR in 413 patients. Median OS was 9.0 and 9.7 months (P = 0.965), 1-year survival rate was 34.3% and 40.8%, and ORR was 30% and 39.2% (P = 0.053) for DCT/GEM and cisplatin/VNR respectively. Anemia, grade 3-4 neutropenia, febrile neutropenia, and severe nausea/ vomiting were statistically more frequent in the cisplatinum arm. QoL was improved in patients treated with platinum-devoid regimen but not in those receiving cisplatin. The authors concluded that the two regimens produced comparable OS, but cisplatinum-devoid regimen had a better toxicity profile, and could be used in patients who cannot tolerate cisplatin.
The Hellenic Cooperative Oncology Group randomly assigned patients to receive PCT with either carboplatin or GEM [28] . Median and 1-year survival were 10.4 months and 41.7% for the platinum arm, and 9.8 months and 41.4% for the non-platinum arm (P = 0.32). Toxicity was mild and similar in both arms and no differences were evident at a retrospective cost analysis.
The GLOB-2 trial [29] compared two VNR-based doublets with carboplatin or with GEM in 316 patients with advanced NSCLC with ORR as the primary endpoint and PFS and OS, tolerance and clinical benefit as secondary ones. The ORR on intent-to-treat was 20.8% in VC and 28% in VG (P = 0.15). Median PFS was 3.9 months in VNR/cisplatin arm and 4.4 months in VNR/GEM one (P = 0.18). Median OS was significantly longer (P = 0.01) for VNR/GEM then for VNR/ cisplatin with 1-year survival rate of 48.9% and 34.4%, respectively. Tolerance and clinical benefit were better in the carboplatin-devoid arm. Conclusions stated that platinumdevoid regimen was associated with higher ORR, longer median OS and better toxicity profile than carboplatin-based combination.
A very recent, large literature-based meta-analysis was carried out to compare ORR, 1-year survival rates, and side-effects of platinum-based versus non-platinum-based given as first-line therapy [30] . Thirty-seven randomized phase II and III trials, for a total of 7,633 patients, were included in the analysis. ORR rate was significantly higher with platinum-containing regimens with a 62% increase in the odds ratio for response was attributable to platinum-based regimens (OR 1.62; P < 0.0001). The 1-year survival rate was increased by 5% with platinumbased regimens (34% vs. 29%; OR, 1.21; P = 0.0003), but this statistical advantage disappeared when platinum regimens were compared to non-platinum-based ones including thirdgeneration drugs (OR=1.11; P = 0.17). Overall, toxicity was generally higher for platinum-based regimens. In particular hematologic side-effects, renal toxicity and nausea/vomiting were significantly more frequent in platinum-based regimens, while there was no difference for neurotoxicity, febrile neutropenia rate, or toxic death rate.
At the last ASCO meeting another literature-based metaanalysis [31] of trial randomizing a platinum-based chemotherapy versus a doublet non-platinum-based including at least one third-generation drug was presented. A statistical heterogeneity was detected, related to the studies that used triplets as the standard arms. The heterogeneity disappeared when the analysis was restricted to the study that used wellrecognized platinum-based doublets as standard and the conclusion was for a significant reduction in risk of death for platinum-containing regimen.
The value of these literature-based meta-analysis is limited by the lack of individual patients' data and for this reason overall survival could not be correctly assessed [20] .
An important issue is toxicity profile. Overall, platinumdevoid regimens showed a more favourable toxicity profile than platinum-based ones. However, these data are not univocal since two large trials failed to show any significant differences in terms of toxicity between the platinum-based and platinumdevoid regimens [26, 28] , and another study reported only qualitative differences [32] . QoL analysis did not show significant differences in patients' global health status [14, 15, 17] . Some studies showed that cisplatinum-based regimens were more cost-effective as compared to the non-platinum regimens [26] , while one trial proved there was no difference between the two regimens [28] . Non-platinum-based regimens are not significantly different from the platinum-based combinations at least in terms of OS. However, the reported studies are not powered to address the question of equivalence of the two combinations. One such study testing the survival equivalence of non-platinum-based and platinum-based therapy has reported an interim analysis showing no statistical survival advantage for platinum-or non-platinum based therapy [33] .
A separate issue is the treatment of patients with ECOG PS 2 and/or elderly advanced NSCLC patients. MILES trial [34] randomized elderly (>70 years) patients to receive nonplatinum chemotherapy. The combination of GEM and VNR was compared to the two single drugs with no survival advantage and more toxicity in the combination arm. The same results were obtained also in the sub-group of PS2 patients. A recent European expert panel [11] indicates a single-agent third generation non-platinum chemotherapy as preferred option in patients with PS 2, although carboplatin-based or low-dose cisplatin-based doublets may represent alternative options.
future strategies to tailor chemotherapy
In the last years several studies have indicated that gene expression can play a predictive role to tailor chemotherapy in different subgroups of patients. The efficacy of removal of cisplatin DNA adducts by the nucleotide excision repair (NER) system is assumed to be one of the determinants of cisplatin resistance. The excision repair cross-complementing 1 (ERCC1) and ribonucleotide reductase subunit M1 (RRM1) genes are leading components of this system. RRM1 is also a direct target of GEM.
Some retrospective studies explored the correlation between these genes and the clinical outcomes. Rosell [35] analysed ERCC1 and RRM1 mRNA expression in samples obtained from bronchoscopy of advanced NSCLC patients from the over mentioned phase III randomized trial (22bis) comparing a cisplatin-based triplet (cisplatin/GEM/VNR for 6 cycles) versus a cisplatin-based doublet (cisplatin/GEM for 6 cycles) versus a non-platinum sequential doublet (GEM/VNR for 3 cycles followed by VNR/ifosfamide for 3 cycles). In the cisplatin/GEM arm, patients with low RRM1 and ERCC1 mRNA levels had significantly longer median survival than those with higher levels.
Isla [36] studied a single nucleotide polymorphism in ERCC1 (ERCC1 118 C) in peripheral blood lymphocytes of cisplatin/ DCT treated advanced NSCLC. Patients homozygous for the ERCC1 118C allele demonstrated a significantly better survival.
Gurubhagavatula [37] demonstrated that an increasing number of variant alleles in RCC1 were associated with a decreased overall survival in advanced NSCLC patients treated with platinum agents (cisplatin or carboplatin). Moreover these polymorphisms independently predicted overall survival even after taking in account stage, PS and chemotherapy regimen.
At the last ASCO meeting Rosell [38] presented the preliminary results of the first prospective phase III randomized trial, to confirm the value of ERCC1 to predict the response to cisplatin. Patients with available tumor biopsy samples were randomized to the control arm (cisplatin/DCT) or to the genotypic arm where chemotherapy was tailored according to levels of ERCC1. Patient with low ERCC1 levels received same platinum chemotherapy of control arm whereas patients with high ERCC1 levels were treated with a non-platinum chemotherapy (DTC/GEM). Lower ERCC1 mRNA levels were correlate to better response to cisplatin-based chemotherapy (cisplatin-DCT) and there was also a correlation between higher levels of ERCC1 mRNA and better response to non-cisplatin arm (GEM-DCT). Based on these preliminary results it is probable that, in the future, the platinum versus non-platinum chemotherapy will be chosen in relationship to the genetic determinations of platinum resistance.
conclusions NSCLC in the advanced recurrent/metastatic setting essentially remains an incurable disease. In the last decade clinical trials have shown a plateau in survival which is unlikely to be further improved using currently available chemotherapeutic drugs and regimens. New discoveries in therapeutic targets will probably overcome the issue of choosing platinum-based or platinumdevoid regimens. To date in our current clinical practice therapeutic choices should be tailored to individual patients. Treatment decision making should also take into account age, performance status, number and degree of existing co-morbidities, and basal quality of life. Others important parameters should be toxicity profile, expected side-effects, and the cost of treatment.
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